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(54) VACUUM CARBURIZING METHOD FOR STEEL MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a defect that a 
treatment method using propane gas can not uniformly 
carburize a steel material with unopen hole or unevenness, 
and that a treatment method using acetylene gas or ethylene 
gas needs a large quantity of expansive acetylene gas and 
ethylene gas, though conventionally there have been a 

method of treating the steel material in propane gas at a 01 >g ^ 1 

pressure of 1 kPa or less, and a method of treating It in -1^^:^ - j v • ■< W i^' .r f 
ethylene gas and acetylene gas at a pressure of 10 kPa or ^ ' LKl^ rB"*#"^ 

less, in order to prevent generation of soot, in a vacuum 




carburizing method of a steel material. ^ ^ ,^1^. ^ 

SOLUTION: This carburizing method comprises, employing 

mixed gas of propane and acetylene gas for the carburizing 

gas and making a pressure in the heating furnace in a vacuum 

condition of 0.05-3 kPa. It further comprises introducing the 

carburizing gas into the heating furnace in a pulsed way. 

Alternatively, it comprises introducing a certain quantity of 

the propane gas consecutively into the heating furnace, and 

introducing the acetylene gas in the pulsed way, when 

introducing the above carburizing gas into the heating furnace. A ratio of acetylene gas to the mixed 
gas is 5% or more but 50% or less. 
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[Claim(s)] 

[Claim 1] The vacuum carburization approach of the ferrous material characterized by performing 
carburization processing by setting the pressure in the above-mentioned heating furnace to 0.05-3kPa 
while using a liquefied petroleum gas and acetylene gas as the above-mentioned gas for carburization in 
the vacuimi carburization approach of performing carburization processing, supplying the gas for 
carburization in the above-mentioned heating furnace, and adjusting gas pressure while heating a ferrous 
material within a heating furnace. 

[Claim 2] The vacuum carburization approach of the ferrous material according to claim 1 which the 
above-mentioned gas for carburization is the mixed gas of the above-mentioned liquefied petroleum gas 
and the above-mentioned acetylene gas, and is characterized by introducing the above-mentioned mixed 
gas in the shape of a pulse in a heating furnace. 

[Claim 3] The vacuum carburization approach of the ferrous material according to claim 1 which carries 
out quantimi installation of the above-mentioned liquefied petroleum gas into the above-mentioned 
heating furnace, and is characterized by introducing the above-mentioned acetylene gas in the shape of a 
pulse in the above-mentioned heating fiimace. 

[Claim 4] The vacuum carburization approach of the ferrous material according to claim 3 characterized 
by introducing the above-mentioned liquefied petroleum gas into the above-mentioned heating furnace in 
the shape of a pulse. 

[Claim 5] The vacuum carburization approach of the ferrous material according to claim 1 which carries 
out quantum installation of the above-mentioned acetylene gas into the above-mentioned heating fiimace, 
and is characterized by introducing the above-mentioned liquefied petroleum gas in the shape of a pulse in 
die above-mentioned heating furnace. 

[Claim 6] The vacuum carburization approach of a ferrous material according to claim 1, 2, 3, 4, or 5 that 
the ratio of the acetylene gas to the above-mentioned gas for carburization is characterized by being 50% 
or less 5% or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vacuum carburization approach of a ferrous material, 
especially the vacuum carburization approach of a ferrous material of having used a Uquefied petroleum 
gas and acetylene gas as gas for carburization. 
[0002] 

[Description of the Prior Art] Gas carburizing, vacuum carburization, plasma carburization, etc. are 
carried out to the carburization of a ferrous material from the former. Although gas carburizing is 
performed widely now, there are troubles, like the danger of gas combustion, grain boundary oxidation of 
a processing article front face, and the formation of a short cycle by high temperature carburizing are 
difficult. Moreover, cost is high and plasma carburization is limited to special carburization. Although 
processed by the pressure of 900-1 100 degrees C and 10-70kPa in vacuum carburization, using saturated 
hydrocarbon (methane, a liquefied petroleum gas, commercial butane) as gas for carburization, for 
performing uniform carburization, since there was much generating of soot, time amount and costs started 
the maintenance in a furnace, and it did not spread other than the particular application. 
[0003] Then, there are the approach of using a liquefied petroleum gas and processing by the pressure of 1 
or less kPa, in order to control generating of soot, an approach of processing by the pressure of 1 or less 
kPa using acetylene gas like a thing given in JP,8-325701 ,A, and the approach of processing within the 
limits of the pressure of 1-lOkPa using the mixed gas of ethylene gas and acetylene gas like a thing given 
inJP,2000-1765,A. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the art using a liquefied petroleum gas, as it had 
the non-through tube, the irregular ferrous material was difficult to carburize to homogeneity. 
[0005] Moreover, in the art using acetylene gas or ethylene gas, acetylene gas and ethylene gas are 
expensive. 

[0006] This invention tends to solve the above points. 
[0007] 

[Means for Solving the Problem] While the vacuum carburization approach of the ferrous material of this 
invention heats a ferrous material within a heating furnace In the vacuum carburization approach of 
performing carburization processing while supplying the gas for carburization in the above-mentioned 
heating furnace and adjusting gas pressure By using a liquefied petroleum gas and acetylene gas 
collectively as the above-mentioned gas for carburization It is characterized by being made by finding out 
that an irregular ferrous material can be carburized to homogeneity so that it may have a non-through 
tube, and performing carburization processing by setting the pressure in the above-mentioned heating 
furnace to 0.05-3kPa. 

[0008] Moreover, the vacuum carburization approach of the ferrous material of this invention is 
characterized by introducing the above-mentioned mixed gas in the shape of a pulse in a heating furnace, 
using the mixed gas of the above-mentioned liquefied petroleum gas and the above-mentioned acetylene 
gas as the above-mentioned gas for carburization. Introducing in the shape of a pulse means changing a 
flow rate periodically in this case. 

[0009] Moreover, the method of introducing the above-mentioned gas for carburization may carry out 
quantum installation of the above-mentioned liquefied petroleum gas into the above-mentioned heating 
furnace, may introduce the above-mentioned acetylene gas in the shape of a pulse in the above-mentioned 
heating furnace, and conversely, may carry out quantum installation of the above-mentioned acetylene gas 
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into the above-mentione^^^ting furnace, and may introduce the above^^tioned liquefied petroleum 

gas in the shape of a pulse in the above-mentioned heating furnace. 

[0010] Furthermore, the method of introducing the above-mentioned gas for carburization may introduce 
the above-mentioned liquefied petroleum gas and the above-mentioned acetylene gas in the shape of a 
pulse in the above-mentioned heating furnace. 

[001 1] Moreover, the ratio of acetylene gas [ as opposed to the above-mentioned gas for carburization in 
the vacuum carburization approach of the ferrous material of this invention ] is characterized by being 
50% or less 5% or more. 
[0012] 

[Embodiment of the Invention] With reference to a drawing, the example of this invention is explained 
below. 

[0013] A heating furnace for 1 to carburize a ferrous material by the vacuum carburization approach of 
the ferrous material of this invention in drawin g 1 , The heater which prepared 2 in the periphery of the 
above-mentioned heating furnace 1, gas installation tubing the interior was made to penetrate from the 
heating furnace exterior which prepared 3 in the end section of the above-mentioned heating furnace 1, 
The acetylene gas source of supply which connected 4 to the above-mentioned gas installation tubing 3 
through the bulb 6, The liquefied-petroleum-gas source of supply which similarly connected 5 to the 
above-mentioned gas installation tubing 3 through the bulb 6, The gas exhaust pipe which prepared 7 in 
the other end of the above-mentioned heating furnace 1 , the vacuum exhaust which connected 8 to the 
above-mentioned gas exhaust pipe 7 through the adjustable exhaust air bulb 9, and 10 are ferrous 
materials which have the non-through tube 1 1 installed in the above-mentioned heating furnace 1. 
[0014] (Example 1) 

[0015] The quality of the material to the round bar with SCM420, an outer diameter [ of 20mm ], and a 
die length of 40mm The diameter of 5mm, The ferrous material 10 in which the non-through tube 1 1 with 
a depth of 37mm was formed is arranged in the center of a heating furnace 1 so that opening of the above- 
mentioned sheep through tube 1 1 may turn to the inlet of the gas installation tubing 3. It exhausted until 
the inside of the above-mentioned heating furnace 1 was set to 0.05 or less kPas with the above- 
mentioned vacuum exhaust 8, where it shut the two above-mentioned bulbs 6 and the above-mentioned 
adjustable exhaust air bulb 9 is made full open, and the above-mentioned ferrous material 10 was heated 
at 950 degrees C at homogeneity. 

[0016] Then, the above-mentioned bulb 6 was opened respectively, and adjusting the exhaust air bulb 9 so 
that the pressure in a heating furnace 1 may grow into 2kPa(s), the liquefied petroleum gas was supplied 
by 40 cc/min, acetylene gas was supplied for 30 minutes by 10 cc/min, and it carburized. Then, while 
opening the exhaust air bulb 9 fully so that the pressure in a heating furnace 1 might be set to 0.05 or less 
kPas, supply of carburization gas was suspended. Furthermore heating of a heating furnace 1 was 
suspended, the heat insulator (not shown) was removed from the heating furnace 1, and it cooled at 160 
degrees C or less. 

[0017] The measurement result of the total carburization depth to the depth of a non-through tube is 
shown in drawingJJ . It was able to carburize to the deep location of a hole rather than it carburized with a 
liquefied-petroleum-gas simple substance so that clearly from drawing 3 . 
[0018] (Example 2) 

[0019] It is made the same. The quality of the material to the round bar with SCM420, an outer diameter 
[ of 20mm ], and a die length of 40mm The diameter of 5mm, Adjusting the exhaust air bulb 9 so that the 
pressure in a heating furnace 1 may be set to 0.4kPa(s), after arranging the ferrous material 10 in which 
the non-through tube 1 1 with a depth of 37mm was formed, in the heating furnace 1 center and heating a 
heating furnace 1 at 950 degrees C at homogeneity The liquefied petroleum gas was supplied by 90 
cc/min, acetylene gas was supplied for 30 minutes by 10 cc/min, and it carburized. Then, while opening 
the exhaust air bulb 9 fully so that the pressure in a heating furnace 1 might be set to 0.05 or less kPas, 
supply of carburization gas was suspended. Furthermore heating of a heating furnace 1 was suspended, 
the heat insulator (not shown) was removed from the heating furnace 1, and it cooled at 160 degrees C or 
less. The measurement result of the total carburization depth to the depth of a non-through tube is shown 
in the continuous line of drawing 4 . 

[0020] In order to perform processing equivalent to the above-mentioned carburization result with a 
Hquefied-petroleum-gas simple substance, as shown in the chain line of drawin g 4 , the flow rate of 200 
cc/min is required, and since vacuum pump capacity becomes large, there is a problem that facility cost 
increases. 

[0021] Moreover, making [ many ] a liquefied-petroleum-gas flow rate leads to making [ many ] exhaust 
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invention approach is used, rather than th^fe 



gas. On the other hand, inms invention approach is used, rather than the cSse where it carburizes with a 
liquefied-petroieum-gas simple substance, vacuum pump capacity can be made small and facility cost and 
a maintenance cost can be reduced. Moreover, a liquefied-petroleum-gas flow rate, i.e., the amount used, 
can be reduced. 

[0022] In addition, the pressure in the above-mentioned heating fiimace 1 becomes insufficient [ 0.05 or 
less kPas / carburization ], and generating of soot increases in 3 or more kPas. 
[0023] Moreover, as for the ratio of the acetylene gas in the mixed gas of a liquefied petroleum gas and 
acetylene gas, at 5% or less, it is desirable for it to be ineffective and to consider as 50% or less from a 
cost side. 

[0024] Furthermore, in case the mixed gas of a liquefied petroleum gas and acetylene gas is introduced in 
a heating furnace 1 , installation and a halt of the above-mentioned mixed gas are repeated, and you may 
make it introduce the above-mentioned mixed gas in the shape of a pulse in a heating fiimace 1, and 
carrying out the quantum style of the above-mentioned liquefied petroleum gas is continued, and you may 
make it add acetylene gas in pulse on the other hand again. 

[0025] Moreover, the above-mentioned acetylene gas is quantitatively introduced in the above-mentioned 
heating furnace, you may make it add the above-mentioned liquefied petroleum gas in pulse conversely, 
and the above-mentioned liquefied petroleum gas and the above-mentioned acetylene gas may be further 
introduced in the shape of a pulse in the above-mentioned heating fiimace. If it does in this way, 
carburization can be carried out more to homogeneity. 
[0026] 

[Effect of the Invention] According to the vacuum carburization approach of the ferrous material of this 
invention, there are big profits that the ferrous material which controls generating of soot and is irregular 
can be carburized to homogeneity, as mentioned above by adjusting the amount of the liquefied petroleum 
gas used, and the amount of expensive acetylene gas or the ethylene gas used to a liquefied petroleum gas 
as gas for carburization by using the gas which added acetylene gas. 
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DRAWINGS 




:^aS$ mm 

[ Drawing 4] 
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